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(541 Exhaust gas reactor 

(57i An exhaust gas reactor comprises 
at least firs; and second open-pore . 
ceramic foam plates which are arranged 
in succession in the direction of flow 
tnroucn the reactor. The plates of 
ceramic foam have a catalytically active 
surface iayer thereon. Filter plates of 
uncoatec ceramic foam may 
acdiiiohaliy be orovided upstream and 
downstream of the first-mentioned 
plates. 
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SPECIFICATION 

Exhaust gas reactor and process for the production 
thereof 

5 

The invention relates to an exhaust gas reactor, for 
example for use with an internal combustion engine, 
and a process for the production of such a reactor. 
The term exhaust gas is used in this specification 
10 in a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust orwasiegas fronn other sources, such as a 
paint spraying booth. 

One form of an exhaust gas reactor comprises a 
1 5 refraciorv carrier material in the form of a monolithic 
block of open pore ceramic foam, which has thereon 
a caialytically active surface layer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 
20 Tiaieriai, and then vaporising the plastics foam at 
elevated temperature. The porous ceramic foam 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 
25 involved. Catalysis produced in that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 
According to the present invention, there is 
30 provided an exhaust gas reactorincluding a 

refractory carrier means of open-pore ceramic foam 
comprising at least two plates which are disposed in 
succession In the direction of gas flow through the 
reactor, and a catalytically active surface layeron the 
35 carrier means. 

Tests have been carried out which show that an 
exhaust gas reactor which is constructed from a 
plurality of successively disposed plates is 
subsrantially more efficient in operaiion than an 
■ 40 exhaustgas reactorconsisting of a monolithic block 
of appropriate size. Furthermore, an exhaustgas 
reactor comprising a plurality of plates is 
substantially easier to manufacture and it is also 
easier to provide it with a catalytically active surface 
45 layer, than a large monolithic block. It is possible to 
arrive at a made-to-measure construction, 
depending on the particular composition and 
temperature of the waste or exhaust gases which are 
to be subjectec to the post-com.bustion procedure. 
50 by virtue of the plates being of suitable composition, 
configuration and dimensions. In addition, the 
rescior can be rapidly adapted to the respective 
ooeratihg conditions involved, panicuiarly in the 
event of changes therein, by vinueof the Insenlonor 
55 reoiacement of plates. All in all. because of the large 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in" 
relation to the respective gas through-put thereof. A 
compact exhaust gas reactor of that nature is 
60 particularly important when, in connection with 
subsequent fitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust gas reactor which musttakeaccouniofthe 
preaeter mined dimensions and concitions of 
65 installation of the respective silencer box or muffler. 



Besides the very large internal surface area of a 
ceramic foam, relative to its external volume, a 
critical consideration In regard to the level of 
efficiency of an exhaust gas reactor in accordance 
70 with the present invention is also the high level of 
reaction probability which is provided by the 
micro-turbulent post-flow of the individual rods or 
fibres of the ceramic foam. 

In accordance with a further feature of the 
75 invention, the porosity of tne plates is between 10 
and 60 ppi (pores per inch), and preferably between 
10 and 30 ppi. The reference to pores per inch (ppi) 
denotesthe numberof pores per inch as a unit of 
■ length. 

80 A further embodiment of a reactor according to the 
invention advantageously provides that plates of a 
different configuration or nature may be used. The 
different configuration or nature may be that the 
porosity of the plates is different, for example a plate 
85 with coarse pores is followed by one or more plates 
with finer pores. However the different configuration 
or nature may additionally or alternatively involve 
different catalytically active surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

A further feature of the invention may provide that 
one or rnore uncoated plates is or are arranged 
95 upstream and/or between and.'or downstream of 
catalytically coated plates. In that connection the 
uncoated plates act in particular as a filter means. In 
that way. undesirable particles in the gas flowing 
into the reactor are filtered out of the gas flow prior to 
'1 00 passing into the pan of the reactor in which reaction 
occurs, and reaction products are filtered out of the 
gas flow if further uncoated plates are arranged 
within the coaled plates of the reactor or 
downstream thereof. The pore size of the uncoated 
105 filter plates is to be matched to the size of the 

panicles which are to be filtered out of the gas flow. If 
• an uncoated plate v^ith very fine pores is disposed at 
the downstream end of the reactor assembly, it is 
possible to ensure that any particlesof the ceramic 
1 10 carrier material which come loose do not pass into 
the atmosphere, together with constituents of the 
washcoat base layer and the catalyst material. 

In one embodiment of a reactor, the individual 
plates thereof may bear against each other in a 
115 sandwich-like construction. An advantageous 

feature of the invention provides however that the 
plates are arranged at a spacing from each other. In 
which respect the spacings oeiween [he plates may 
be the same or may vary. The spacings between the 
1 20 plates prevent the gases from forming preferential 
through-flow paths, whicn would have the result that 
parts of the plates would not have gas flowing 
therethrough or would have less gas flowing 
therethrough, so thai the level of efficiency would 
1 25 drop, in relation to unit of surface area. If the spacing 
between plates is correctly chosen, turbulent effects 
occur between the plates, which ensure that the gas 
flow is balanced and equalised out. The spacings 
between the plates are aiso to be selected having 
130 regard to the flow speeds through the reactor, the 
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n.-T,ensionso?:h»-.,:es3nri,her-cnf»n.-<:ofthe 
resoecvve gases invciv^c.. in ins: connection 
however ine soac-'^F snould be small as 

possible, ha^-ing re^-iarc lo :hs reacicr being of a 
compaci aesign'. 

if. in accordance wi;n a furne- ucvaniaoeoi^s 
feature c: t-e inve-iror. the -'ates x-e •nd'Jvldually 
intercnangeaoie. man s rsacior of rrat nature is 
s.-Tipier anc less exr>ensiVe f.-o.-r. ihg co.nt of v,ew of 
matntenancs than a reactor whicn L-ses a monolilhic 
block. In rrai case .nd.V.duaf piates can be replaced 
for repair or exchanged for c:h£-r;aTes. if the 
OL-ratinc: conriilicrs alter. To rc-'.-.e the dust which 
has been orooucuf:. jne .ny.->ve..'-.2r-oneo uncoated 

filler Diates may be evcnancfv- c-lv denned after 
th-3v have been removed. 

Apaaicularlyacvaniaaecusoevelopmentwhichis 
also an aspect of inceoencien: s:cnlficance orovides ' 

thauhe caraiys; materia' u-eci cc.^u^-ises at !east one 
non-noble nnetal oxide. 

The reaction lemoeratcre of such oxides is higher 
than that of noble metaJswnicn are .:onv2ntionally 
used, for example ptati.-iim. and is between about 
4o0 and 75C C. As a rf.suJ;. tr.e Isve! o? ef feciiven ess 
scarcely decreases, ever, under r.icn, loading and at 
hicn temperatures, so :r.s: such a roactoris 
particularly suitaulenctiustionrts.-nal combustion 
engines of motor veniciDsciJt also for stationary 
engines. The non-nobi-? metal oxides are also 
resistant to lead poisoning onenomena and to other 
noxious SLJ ^stances sucn as ch'orine. fluorine and 
suJohur, as occur in rne u.'-.cieaned cases of 
staiionary engines. 

in a oreferredfeatu.'S of the :rven:ion, the 
C3:5!vtica!:y ac:ivs s-j.-face lavsror's non-noble metal 
oxice may be ar.-ancec en wna- is known as a 
wasncoat base laye'cfaiurT^ini-j.-r. cxics in -is 
y~ocifics:ion fcrrr.S^cr a washcoat bass laye.' is 
icncwn arse p.-ovicas :g- s rr.ore -acic a.nd belier 
reariion. tn order :c crcve icr.g-:e.'m s:abiiity, 
aocitives nay be aczsc :c :"*e oasc :avsr. for 
examoiecompouncs c'ese — ens "'om rherare eanh 
grc-'D. 

in orce.'' :o orovids a reducinc rsac::on. 3 fu.-ther 
ernoodim.eni of the inve-jic.-: orovioes for using 3 
ca:a:ys: material ccr-r.-ieing a: ?sas: one oxide of the 
fciicv/ing nstals: ircr i=e:0: c* Fe.O^V cobalt fCoO 
or Ccr-O^o' Co^C^'. r:cK2': ',.\JOor N rOs?. titanium 
• I :C:'. vanadium - V.Cr- crrcmiij— • Cr^Osi. 
r-- c : V b den -j .-r; ( M cC-. . ij .p g s : = r. t WO^ .' .2nd 
-cr.ganes- '-.VlnO cr V-n-O, cr :Vr..OJ. c- ai least a 

. c Drovice an ox;c,sir.c .reaction, the caraiysi ' 
material of tns.reacrc mav' corr.oriss ar leas- one 
c:<iC5 era: least ore 0:1-5 foiicvi.-..- rr.eia«s: copoer 
C^O... chfcmium (C-'.-C.-'. mojyccenu.^ IMoO^}, 
lungsten iV.'Oii. mcnca-.ese nW-O crMnjC^or 
Mn,Cj. vanaciun-. V.-G:*. ^'or. ;Fe:C2) or at least one 
mixture of a: leasT f.vc i">erec:. 

tr. a further advan:acsou£ em DC diment of the 
invention. :ne reacto.' may be of a two-stage 
conficuraticn. wiiT: a .-ec-jcing 'eaction taking place 
ir^ ins firs: Stage anc ar. c>::c:sir.c reaction taking 
piace in me second stage. For exam.pie. in the first 
stage- o: a.- exhaus: gas reactor :zr interna! 
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comhuscion engines, nitrogen ox.des j(VO ) are 
reduced 10 harmless nitrogen at toe cacaly;^ n^aterial 
by means of the carbon monovide ,CO) in the 
exnaust gas. Then, the second stage involves 
ox.da t.on of me excess carbon monoxide to form 
carbon d.oxide. wiih oxygen possibfy also being 
added, in the form of air. In other areas of use of such 
a reactor, it is also possible to provide forthe 

oxidation ofcrherconstituents. in panicular organic 
components, for example hydrocarbons. Such 

constituents occur inter alia in the waste or exhaust 
gases from paint spraying booths. The two stagesof 
the reactor each have at least one olate and may be 
arranged in separate housings or in a common 
housing. At least one uncoaied filter plate is 
desirably arranged upstream of the first stage so 
such a filler can a!so retain soot particles which can 
then undergo posl-combusrion if the initial filter 
reaches a temperature above 600-C. The second 
stage may be followed by an uncoeted fine-pore 
filter plate, constituting a very fine filter which retains 
m particular pieces of ceramic carrier material which 
have come away. 

In another aspect, the present invention also 
provides a process forthe production o'f an exhaust 
gas reactor, wherein a non-noble metai oxideis 
added to the slurry which, as referreci to in the 
opening pan of this specification, is used to produce 
the cerannic foam from open-pore plastics foam.^ 
Aftercalcination of the foam which is coated with the 
ceramic material, the non-noble metal oxide is then a 
constituent of the ceramic material and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in particular when the oxide is 
comparatively inexpensive. 

An alternative option in regard to l.^s process for 
producing the exhaust gas reactor according to tne 
invention provides that the foam which has oee.n 

coaieo with ceramic .material and cre-criec but no; . * 
yet subiectec to the calcination operation may be 
coated, preferably by a dipping oceration, with a 
particular susoension or slurr\- v.'hich contains the 
non-noble metal oxide and ootionaltv TLjr.ner 
constituents which promote adhesion cf the oxics as 
well as the catalytic function. Sesicss for sxamoie 
titanium dioxide, the suspension o: slurry may 
additionally contain the materiel for the base .'aye.- 
(aluminium oxide). 

Another form of procedure foraooiv=nc the 
catalyst material in the reacto^ acccroinc'to the 
invention provides that the foam whicn has been 
coated v/ith ceramic material and ocssiciv :ne base 
layer and whicn may or may not nave oeen subiected 
to the calcination operation is impregnated with a 
solution cf a m.etal sal: of the nor-nooie me-at to be 
used, and then the metal is convertec ir.:c the metal 
oxide by a heat treatment such as calcination-, and 
fixed on the ceramic foam. 

The reactor according to thg invention is 
inexpensive to manufacture, enjcvs a wide range of 
adaotability and has a high level cf efficiency, even at 
high temperatures, while being easy and simpfe to 
m.aintain and being capable cf acacting to altering 
operating condilions. 

Embodiments of a reactor according to x'ne 
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invention and :ne orocess for tne oroduction thereof 
will now D5 Gsscribec Dv wav of example wtth 
reterence to tne accornpanying crawing in which: 
Pigure / is a diagrannmaiic view in longiiudma) 
5 section of a first emboaimen: of the reactor 
accorcing to the inver.iion. 3^*0 

Figure 2 \s a basic view in longiiuoinal section of a 
iwo-stage reactor as a second embodiment of the 
invenilon. 

10 Referring to the ciagrammaiic view in Figure 1. an 
exhaust orwasiegas reactor according ib the 
invention comprises three oiaies i of open-pore 
ceramic foam with a caiaivtically active surface layer 
thereon, which are arranged in succession in the 

1 5 direction in which the gas hows through the reactor, 
as indicated by the arrows 10 and 1 1 . 

Disposed upstream o*' me first reactor plate 1 is a 
further plate 2 of open -pore ceramic foam, which is 
not coated with catalyst material. The plate 2 serves 

20 as a filter plate for pa nicies contained in the flow of 
exhaust gos. Furthermore, arranged downstream of 
the last reactor plate 1 is s very fine filter plate 3 of 
open -pore ceramic foam without a catalyst coating 
thereon. The plate 3 .nas verv fine pores and filters 

25 out of the gas flow partjcies of the ceramic base . 
material which have come ioose. The spacings 
between the incivicuai siates 1 . 2 and 3 provide for a 
turbulent effect therein. Tncse spacings are seiected 
to be non-uniform in sucn a way that the reaction is 

30 as complete as possiose. tne flow resistance is at a 
low level and the dimensions of tne arrangement are 
not excessive. 

Figure 2 is s diacramrr.atic view of a two-stage 
reactor. The two s:acss are arranged in separate 

35 casings or chambers arid 3 which are in 

communication by wav of a oipe 5. The waste or 
exnausi gas to be treated flows into the casing 4 in 
the direction indica:5C the arrow 1 0. Arranged 
firs; in tne casing ^ s ar. -jnccarea filter plate 2 which 
is followed at a spac;.-.c cy two spaced-apart reactor 
plates 1 whicr. are ccat^c w'-ir, catalytlcaily active 
materiai. In me oiates 'i . :r»c nitrogen oxiaes (NOJ in 
the G2S react with \'r.e ca'3on mcncxide (COl which is 
aiso present therein, tne nitrogen oxides being 

■i5 reduced to non-icxic r.strocsn. In the pipe 6, airis 
then acGSC lo the exr.s-s: gas by means of a nozzle 7 
from a ripe S. :2r exarr.r»e means of a pump in the 
" for.-n c' 3 biov/er. If :; is sssumec that the denoxed 
ccs in tne oioe c st.*:. r.as a comooneni of about IVe 

50 CO. men aooui G.5- s C; from the air must be added 
for comoieie ccnr.ousticn. With an oxygen 
ccr-.ooneni for abc j: 20=:. mat means the addition 
of about 2.5=sai.-. A3 operation is usually conducted 
at higner than stoicnicmetry. about double the 

53 amo'jn; is accec in s r-sctical situation, mat is to say- 
about 5=.o air. 

In tne casing 5. tne cas again first flows through a 
filter 2 anc tnen two reactor plates ^. at the surface of 
which the Cc*3on rrrncxice undergoes combustion 

60 to form caroon cicx:ce. A very fine filler plate 2 at the 
outlet of the casing 5 eii-T.inates reaction panicles 
ano fine Gusts. 

One emDocimsnt of :re "-e actor according to the 
invention usee cn:cm:um tf soxide as the metal 

65 oxir.e. Tne ccra^-'.ic 'saT. carrier material was 



impregnated v/ith ammonium dichromate solution 
(between 3 and 25%) and then the substance was 
thermally decornoosed to form chromium trioxide 
(Cr^Oj), on ihecarrier material. The ammonium 

70 dichromate may also be reduced with a reducing 
agent such as for example ethanoi or ascorbic acid, 
to form irivaleni chromiunrj trioxide. Fixing on the 
carrier material is then effected by drying and 
calcining. The thermal expenditure involved in such 

75 a procedure is slight. 

Various forms of process may be employed for 
producing a reactor as described above: for 
example, when using a slurry of ceramic nhaterial to 
fill an opcn«pore plastics foarn which is then 

80 vaporised ai elevated temperature to produce a 
porous ceramic foam, the catalyst material such as 
the non-noble metal oxide referred to above may be 
added to the slurry used to fill the plastics foam 
which is then removed in the manner stated, 

85 Alternatively, the foam may be coated with ceramic 
material and then impregnated with a solution ofa 
salt of a non-noble metal, the salt then being 
converted into the meial oxide and fixed on the 
ceramic foam. 

90 It will be appreciated that the above-described 
embodiments of the reactor and process according 
to the invention have been set forth solely by way of 
example thereof and that various modifications and 
alterations may be made therein without thereby 

95 departing from the scope of the invention as defined 
by thrts appended claims. 

• CLAIMS 

TOO 1. An exhaust gas reactor including a refractory 
carrier means oi open-pore ceramic foam, 
comprising at least two plates which are disoosed in 
succession in the directiori of gas flow through the 
reactor, and a catalytically active surface layer on tne 

105 carrier means. 

2. A reactor according lo claim 1. wherein the 
porosity of the plates is between 10 and 60 opi. 

3. A reactor according to claim 2 wherein the 
porosity of the plates is between 10 and 30 ppi. 

ilO 4. A reactor according to claim 1 and comprising 
plates of a different configuration or nature. 

5. A reactor according to claim 4 vv'herein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim 5 

■i 1 5 v/herein the plates have different cataiviicaity active 
surface layers. 

7. A reactor according to any one of claims 4, 5 
and 6 wherein the platesare of different shapes. 

a. A reactor according toanyoneofthe 
^ 20 preceding claims and comprising one or more 

uncoaisd plates disposed upstream and.or between 
and or downstream of the catalytically coated plates. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 
125 from each other. 

IG. A reactor according to claim 9 wherein the 
spacing between the plates varies. 

n. A reactor according to one of the preceding 
claims wherein said plates are individually 
130 interchangeable. 
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12. A reactor according to :j oMhe preceding 
claims wherein ihe caiayisi material usee induces ai 
least one non-noble metal oxide: 

13. A reactor according lo one oi the preceding 

5 claims wherein said caialylically active surface layer . 
is arranged on a bass layer Iwashcoatl of aluminium 
oxide (AI2O2) in the 7-modifica:ion form. 

14. A reactor according 10 claim 12 or 13whereir.. 
for a reducing reaction, the catalyst materieil 

10 comprises at least one oxide of at teasi one of the 
following metals: iron, cobalt, nickel, titanium, 
vanadium, chromium, molybdenum, tungsten.ano 
manganese or a mixture of at least two thereof, 

15. A reactor according to claim 12 or claim 13 
15 wherein, for an oxidising reaction, thecaialyst 

material comprises at least one oxide of at least one 
of the following metals; copper, chromium, 
molybdenum, tungsten, manganese, vanadium, iron 
or a mixture of at least two thereof. 

20 16. A reactor according to one of the preceding . 
claims which comprises at least first and second 
stages, of such a nature that in operation a reducing 
reaction takes place in the first stage and an 
oxidising reaction icjkes plate in the second stage. 

25 17. A reactor according to claim 16 wherein said 
first and second stages each comprise at least one 
piate and they are arranged in a common housing. 

18. A reactor according to claim 1 6 or claim 1 7 

■ and further including an uncoaied filter plate 

30 arranged upstream of the first stage in the direction 
of flow therethrough. 

19. A reactor according to one of claims 1 6 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangea downstream of the second stage in 

35 the direction of flow therethrough. 

20. A reactor according to one of claims 16 to 19 
wherein air Is injected into the flow cf gas through 
the reactor, between said firsi and second stages. 

21. An exhaust gas reactor substantially as 

40 hereinbefore cescribeo with reference lo Figure 1 of 
the accompanying drawings. 

22. An exhaust gas reactor substantially as 
hereinbefore described with reference to Figure 2 o: 
the accomoanying drav^ings. 

45 23. A process for the production of a reactor 
according to any one of claims 12 to 20comorisinQ 
introducing a slurry of ceramic material into an 
open-pore piastics foam and then removing the 
plastics fcarr., wnerein said non-noble metal oxide is 

5C acoed to the slurry used to produce the ceramic 
foam from tns open-pore plastics foam. 

24. A process for producing a waste gas reac:o: 
according to any one of claims 12 to 22 comprising 
introducing a slurry of ceramic material into an 

55 open-pore plastics foam and then removing the 

plastics foarr,. v.-herein said non-noble metal oxice '--s 
added to a suspension, and the foam which is coated 

■ with ceramic material and which has been pre-cried 
' is coated witn the susoension. preferably by a 

60 dipping process, and then it is subjected to 
calcination. 

25. A process according to claim 24 for 
producing a reactor according to claim 13 or any 
claim appendant thereto wherein the matnrial iA':C.-: = 

65 ol me base layer is additionally mixed witi^ the 



suspension. 

26. A process for the production of a reactor 
according to any one of claims 12 to 22 comprising 
mtroQucing a slurry of ceramic material into an 

70 open-pore plastics foam and then removing the 

plastics foam, wherein the foam which is coated with 
ceramic material and optionally a base layer and 
whicn is in a calcined or uncaiclned condition Is 
imoregnated with a solution of a metat salt of a said 

75 non-noble metal and the metal salt is then convened 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any one of claims 23 to 26 and 

80 suDstaniially as hereinbefore described. 

28. An exhaustgas reactor substantially as 
herein described with reference to the 
accompanyir.g drawings. 



^'iitee *Dt Mtr Msi*»v'» Siaitontry OMica bv 

C'G*. oon ^riniinp Company lUKI Ud. 9-87. D8991 685. 

PuOHs.ice bv The Paicni Ollrca. 25 Soutnampion euiidings. London. WC2A I AY. 
cp'T' wn.cn copiei may b* oOlAin«0. 



